Abstract-Water splitting with Mu(H) ferrites (MnFe204) and CaO (or Na 2 C0 3 ) at 1273K and 873K was studied. For CaOIMnFe204 mole ratios above 3, a single phase of Ca3(Fe2 02/3,MnO98/3h0 7 02 (crystal structure; A3M 3 0 8 -type) was formed and H2 (17.8 cm 3 /g) was evolved. This evolution of H2 comes from the oxidation of Mu(II) to Mn(III) ion. Another endothermic process (~H=250-300 kJ/mol) for the production of H2 has been studied using a solid material mixture of MnFe204 and Na2C03 at 873K. The temperature of 873K is quite lower than those studied so far on the solar furnace reaction (0 2 releasing step) in the two-step water splitting (1500-2300K). This lower temperature and economical availability of required elements would permit further progress in the direct solar energy absorption! conversion into H 2 .
I. INTRODUCTION We can reduce the metal oxides by thermochemical decomposition into reduced forms of the metal oxides and oxygen at a higher temperature, where the Gibss free energy is negative. With this reaction, the solar energy can be converted to the chemical energy of the reduced form of metal oxides, which can be successively used for water splitting into hydrogen. Therefore, eventually the chemical energy of the reduced form of the metal oxide, which is generated by the solar energy conversion process, is converted to hydrogen energy. From this point of view, water splitting with several metal oxide systems have been extensively studied [1] [2] [3] [4] [5] .
Since those temperatures for O 2 releasing step are too high to practically apply for the solar thermochemical process, the ferrite system which works at around 1200K for (Ni,Mn) ferrite has been studied. The two-step watersplitting has been achieved on (Ni,Mn) ferrite using solar furnace experimentally [6] [7] .
The chemical process consists of a thermochemical formation of a cation-excess (Ni,Mu) ferrite at > 1173K and water splitting by the cation-excess ferrite at < l073K. However, the amount of hydrogen evolved in this system is limited, since the water splitting is caused by the small magnitude of nonstoichiometry in the ferrite.
Thus, the solar furnace reactions concerning H2 production studied so far are only limited to those of the O 2 releasing from solid materials in two-step water splitting; there have been no reports on the H2 production from H 2 0 to be used as solar furnace reaction. This paper describes a thermochemical process for H2 production reaction using a solid material mixture of MnFe204 and CaO (or Na2C03 ) at 1273K and 873K, which can be used as the solar furnace reaction for direct solar energy absorption/conversion into H2 energy.
II. RESULTS AND DISCUSSION

A. MnFe204-CaO-H 2 0 system
The water-splitting reactivity of the mixed powder of the MnFe204 sample and CaO was studied at different mole ratios of CaO to the ferrite at 1273K. Greater amount of hydrogen (17.83 cm 3 ) was generated for the samples with CaO/ MnFe204 mole ratios larger than three. The relationship between mole ratio of CaO/ MnFe204 and the H2 volume evolved by 3-times injection of water is given by The maximum H2 volume evolved was obtained for the sample in the mole ratio of three (sample II). Above the mole ratio of three, the excess CaO may interfere with the formation of the calcium iron manganese oxide.
B. MnFe204-Na2C03-H20 system
The X-ray diffraction pattern of the solid phase after passing steam along with Ar carrier gas through a mixed powder of MnFez04 and Na2C03 (MnFe20iNa2C03 mole ratio = 2:3) at 873K showed that the produced solid was a ABOz-type compound. The chemical formula of the product solid is estimated to be Na{Mnll3,Fe2/3)Oz. The MS measurement on the gaseous products showed that CO 2 and Hz gases were produced during passing steam through the mixed powder ofMnFe z 04/Na z C0 3 ( Fig. 2 ; CO 2 : curve A, H 2 : B). These findings indicate that the reaction will be written by 2MnFe204 + 3Na 2 C0 3 + H 2 0 ~ 6 Na(Mnll3,Fe2J3)02 + 3CO z + H2 (3).
The theoretical H2 volume, which could be generated by eq. 3, is 48.6 cm 3 /g{MnFe 2 04), assuming that the valence of iron in Na (MnJ/3, FeZI3) 02 is three, and that the valence of manganese are three; Na (MnI/3, Fe2/3) OZ' Experimentally generated volume of H z was 53.1 cm 3 /g, which is very close to the theoretical value. Thus, the Hz generation reaction took place by oxidation of Mn(II) ions in the ferrite into Mn(III) in the presence of Na + ion. As seen from Eq. 3, one mole of Hz is generated from two moles of the ferrite, which is fairly larger than that produced by the oxygen-deficient NiMn-ferrite (only 0.02 mol H2 was generated from one mole of the ferrite).
The oxide ion in the product solid of eq. 1
(Na (MnJ/3, FeZI3) 02), was released as Oz gas by passing CO 2 through the above solid-product sample at 873K The X-ray diffractometry showed that the solid, which had . been produced by the H2 generation reaction from HzO, changed to the starting materials of MnFe z 04 and Na Z C0 3 by passing CO 2 thorough. This reaction is written by The total reaction of the Eqs. 3 and 4 is the H 2 0 decomposition reaction. It is expected that we could use 100% steam in the practical solar furnace plant operation for the reaction ofEq. 3. Therefore, CO 2 would be the only gas needed for practical operation of the solar furnace plant. This means that the two-step water splitting system of Eqs. 3 and 4 can be practically applicable for the solar energy conversion into chemical energy ofH 2 • Also, since the operating temperature is 873K, which is fairly lower than those studied so far, the intensity of concentrated solar flux dose not require to be high as system requiring temperatures around 1500K, allowing diffused focal point
